B. Amendment tn the Specification 
Please replace the specification with the enclosed substitute specification. 
A marked-up copy of the original specification, showing the changes made thereto, is also 
enclosed. 



-2- 



C. Amendment to the Claims : 
Please amend claims 1 and 2 as follows. 



1 . (Currently Amended) A method for identifying a an unknown base 
sequence present in a target single-stranded nucleic acid comprising the steps of: 

(a) preparing a probe array in which single-stranded nucleic acid probes of 
No. 1 to No. n (n^2) are arranged as isolated spots on a substrate, Qiu piubLS cath having a 
base s^quuiLt conipLniuilai y to one uf plmal baaa scquuicL-j, cxpeclcd lo be IUl ^nlal0^^^l 
bdbc sequence ; 

(b) reacting a single-stranded nucleic acid, which has a base sequence fully 
complementary to a base sequence of one of the single-stranded nucleic acid probes and is 
fluorescence-labeled, with the probe array under such conditions that single-stranded 
nucleic acids complementary to each other form a double-stranded nucleic acid; 

removing the unreacted labeled single-stranded nucleic acid; and 
measuring fluorescence intensity of each spot of the probe array to obtain a 
first image template pattern showing a relationship between location of the probes and 

fluorescent characteristics; 

(c) performing the same operation as the step (b) for each of remaining 
single-stranded nucleic acid probes using a second to a nth single-stranded nucleic acid, 
and obtaining image template patterns of No. 2 to No. n showing a relationship between 
location and fluorescent characteristics of the probes; 
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(d) performing the same operation as the step (b) using a sample containing 
the target single-stranded nucleic acid of the unknown base sequence to obtain a sample 
pattern showing a relationship between a position and fluorescent characteristics; and 

(e) comparing the sample pattern obtained in the step (d) with n pieces of 
said image template patterns obtained in the steps (b) and (c), to identify a an image 
template pattern showing substantially the same pattern as the sample pattern and 
identifying the base sequence of the single-stranded nucleic acid used for the preparation of 
the identified image template pattern as the unknown base sequence of the target single- 
stranded nucleic acid. 

2. (Currently Amended) A method for identifying a an unknown base 
sequence present in a target single-stranded nucleic acid comprising the steps of: 

(a) preparing a probe array in which single-stranded nucleic acid probes of 
No. 1 to No. n (n^2) are arranged as isolated spots on a substrate, LIil piubcs cadi having a 
bd&t SLqucntt cunipkmenldi> lu one of pluial base scqutnLt.;. txpetl t d lu Uil unlaiown 
base sequence ; 

(b) reacting a single-stranded nucleic acid which has a base sequence fully 
complementary to a base sequence of one of the single-stranded nucleic acid probes and is 
fluorescence-labeled, with the probe array under such conditions that single-stranded 
nucleic acids complementary to each other form a double-stranded nucleic acid; 

removing the unreacted labeled single-stranded nucleic acid; and 



-4- 



measuring fluorescence intensity of each spot of the probe array to obtain a 
first template pattern showing a relationship between location of the probes and fluorescent 
characteristics; 

(c) analyzing the first template pattern to locate probes and to calculate a 
mean value of fluorescence intensities (Fi) of the double-stranded nucleic acids having i of 
mismatched base pairs, where i is an integer not less than 1 ; 

(d) calculating a difference (Fl, 0) between the fluorescence intensity of the 
fully complementary double-stranded nucleic acid without mismatch (FO) and the mean 
value of the fluorescence intensities of the double-stranded nucleic acids having one-base 
mismatch (Fl), further calculating a difference (Fi+1, i) between a fluorescence intensity of 
a double-stranded nucleic acid having (i+1) base mismatches (Fi+1) and a fluorescence 
intensity of a double-stranded nucleic acid having i-base mismatches (Fi), and identifying i 

being Fi+1, i«Fi, i-1; 

(e) preparing a second template pattern of positive probe spots of probes 
having base sequences differing from the base sequence of the second probe by i or less 
bases where i is determined in said step (d), wherein negative probe spots are probes 
having base sequences differing from the second probe by more than i bases; 

(f) performing the same operation as the step (e) for each of remaining 
single-stranded nucleic acid probes and obtaining template patterns of No. 3 to No. n 
showing a relationship between location and fluorescent characteristics of the probes; 
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(g) performing the same operation as the step (b) using a sample containing 
the target single-stranded nucleic acid of the unknown base sequence to obtain a sample 
pattern showing a relationship between a position and fluorescent characteristics; and 

(h) comparing the sample pattem obtained in the step (g) with n pieces of 
template patterns obtained in the steps (b), (c) and (e); identifying a template pattem 
showing essentially the same pattem as the sample pattem; and determining the base 
sequence of the target single-stranded nucleic acid to be a base sequence complementary to 
the base sequence of the probe taken for the preparation of the identified template pattem. 

3. (Original) The method according to claim 2, wherein the step (g) 
further comprises the substep of obtaining a two- valued pattem of the fluorescence 
intensity by using the threshold fluorescence intensity Fi. 

4. (Original) The method according to claim 2, wherein the length of 
the probe is 8 mer to 30 mer. 

5 . (Original) The method according to claim 4, wherein the length of 
the probe is 12 mer to 25 mer. 

6. (Original) The method according to claim 2, wherein the number of 
the mismatched base pairs (i) is 1. 
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7-8. (Cancelled). 
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D. Remarks 

The claims are 1-6, with claims 1 and 2 being independent. The 
independent claims have been amended to clarify the present invention. Support for this 
amendment may be found throughout the specification and the claims. No new matter has 
been added. Reconsideration of the present claims is expressly requested. 

Applicants submit herewith a substitute specification to correct 
grammatical, typographical and syntax errors and to better conform the text with proper 
idiomatic English. No new matter has been added, as can be clearly seen from the changes 
indicated on the enclosed marked-up copy of the original specification. 

Claims 1-6 stand rejected under 35 U.S.C. § 102(b) as being allegedly 
anticipated by Mark Chee et al., "Accessing Generic Information with High-Density DNA 
Arrays," 274 Science 610-614 (1996) (Chee). This rejection is respectfully traversed. 

Prior to addressing the merits of rejection, Applicants would like to review 
some of the key features and advantages of the presently claimed invention. In the present 
invention, template patterns are obtained using a probe array and nucleic acids 
complementary to the probes. A sample hybridization pattern is obtained using the prove 
array, and a test sample is compared with the above-mentioned template patterns. When 
there is a substantial identity between the test and the template patterns, it is determined 
that the test nucleic acid sequence has a sequence portion identical to the nucleic acid that 
produced the identical template pattern. 

For the Examiner's convenience, the following is a schematic explanation 
of some of the presently claimed steps when n = 4: 



(a) A probe array is prepared by immobilizing probes A-D on a substrate 

A B 
C D 

(b) - (c) Four fluorescent intensity template patterns are obtained one by one 
by hybridization of the probe array with labeled single stranded nucleic acids a, b, c and d, 
which are fully complementary to probes A, B, C and D, respectively: 

Template Patterns: 

o# #0 •• 

• • #0 o#' 

(d) Separately, the probe array is hybridized with a sample containing a 
nucleic acid with an unknown sequence; and 

(e) The obtained pattern is compared with the above four template patterns. 
When the sample pattern is identical with one of the template pattems, for example, 

• o 



the sequence of the sample nucleic acid is that of nucleic acid b. Here, the difference 
between the probes is not limited to a single nucleotide, but may include plural base 
changes. 
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The presently claimed method is highly effective, because once the template 
patterns have been obtained, the sequence of the sample nucleic acid can be determined by 
simple matching (comparison) of the hybridization pattern with the sample patterns. 

To the contrary, Chee discloses a 4L tilted array containing probes 
complementary to the human mitochondrial DNA. The 4L titling method uses probes 
having A, G, C or T at the center of each probe, and these probes are arranged in order 
through the reference sequence (e.g., each successive probe has one fewer 5* base and one 
more 3' base than its predecessor) and the reference sequence is read directly from the 
pattern. In Chee, mutant mtDNA is compared with a reference mtDNA of a complete 
match (P*^) by co-hybridization. In Figs. 1 and 2, the reference sequence used is mtl, and 
the presence of the difference is detected as a footprint. However, the sequence having 
clustered differences cannot be determined directly by a mere comparison (see page 611, 
right column). Thus, in Chee, it is the difference from the template pattern that is detected 
and not the similarity to one of the template patterns, as is presently claimed. 

The Examiner has alleged that Chee teaches using at least three different 
template patterns in Fig. 3. Applicants respectfully submit that this is incorrect. In Fig. 3, 
two sample patterns were obtained using mt3 and a sample from a LHON patient. At the 
compared portions, mt3 is knovm to have the same sequence as the mtl, so that the 
LHON sample pattern is compared with the mt3 pattern (see legend of Fig. 3). Thus, three 
disease-causing mutations in a mtDNA sample are detected via the difference from the 
template pattem and not via the similarity with the template pattern. 
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Lastly, the Examiner has also alleged that the present claims do not require 
using more than a single template pattern. It is respectfully submitted that the Examiner is 
incorrect. In both claims 1 and 2, the preparation of the template pattem is repeated n 
times and n is at least 2. 

In conclusion, Applicants respectfully submit that it is clear that Chee 
cannot affect the patentability of the presently claimed invention. Wherefore, it is 
respectfully requested that the outstanding rejection be withdrawn and the present case be 
passed to issue. 

This Amendment After Final Rejection should be entered, because it places 
the case in allowable form. Alternatively, it places the case in better form for possible 
appeal. 

Applicants' undersigned attomey may be reached in our New York office by 
telephone at (212) 218-2100. All correspondence should continue to be directed to our 
below listed address. 



Respectfully submitted, 




)mey for Applicants 
Registration No. 



FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
Facsimile: (212)218-2200 
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METHOD FOR ANALYZING BASE SEQUENCE OF NUCLEIC ACID 
[0001] 

Background of invention 
5 Field of the invention 

The present invention relates to a method of 
identifying the base sequence of a nucleic acid by 
using a DNA chip for DNA diagnosis cind medical 
treatment • 

10 [0002] 

Related background art 

One of the techniques for sequencing^nucleic acid^ 
etc. or for detecting the sequence is to utilize a DNA 
array. USP 5,445,934 discloses a DNA array where 

15 100,000 or more oligonucleotide probes are bonded in 1 
inch square. Such a DNA array has an advantage^ that 
many characteristics can be examined at the same time 
with a very small sample amount. When a fluorescence- 
labeled sample is poured onto such a DNA chip, DNA 

20 fragments in the sample bind to probes having a 

complementary sequence fixed on the DNA chip, and only 
that part can be discriminated by fluorescence tp 
elucidate the sequence of the DNA fragment in the DNA 
sample. 

25 [0003] 

Sequencing By Hybridization (SBH) is a method for 
examining the base sequence utilizing such a DNA array 



and the details are described In USP 5,202,231. In the 
SBH method, all possible sequences of an 
oligonucleotide of a certain length are arranged on the 
substrate, then fully matched hybrids formed by 0^ 
hybridization reaction between probes and the sample 
DNA are detected. If a set of fully matched hybrids is 
obtained, the set will give an assembly of overlapping 
sequences with oiie base shift being a patt of one 
certain sequence, of which analysis will eiuctdate that 
sequence. 

[0004] . 
In principle, in order to examine whether a 

certain sequence is present w^^-ftot in a DNA specimen,^ 
hybridization reaction is carried out with a jtfVitf^^l^^ ^^INC 
having a complementary sequence, and the presence or 
absence of hybridization is detected. In practice, 
however, it is very difficult to Judge the presence or 
absence of one sequence by using one complementary- 
probe and hybridization, because even when fully 
matched hybrids are compared, the fluorescence 
intensities of the hybrids differ from each other 
according to their sequence. In particular, GC content 
in the sequence greatly affects the stability of the 
hybrid. Further, sequences not exactly complementciry 
but containing one base mismatch also form a hybrid to 
emit fluorescence. Such a hybrid has lower stability 
and w aker fluorescence compared with a fully matched 
hybrid of the same sequence, but it is often observed 



m 
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that such a mismatch hybrid has a stronger fluorescence 
than a full-matched hybrid of different sequence. In 
addition, the stability of one mismatch hybrid greatly 
varies according to the location of the mismatch in the 



cJaCw a 



5 hybrid. When the mismatch ludatSa^^t the tenainus, a 
relatively stable hybrid is obtained. When the 
mismatch iboo^g^ * at the center of the hybrid, the 
hybrid becomes unstable because the consecutivehe^ss of 
the complementary strand is broken. Thus, at piresetit, 
10 various factors are complojtodly participating in the 
hybrid stability, and the absolute value (standard 
value) for the fluorescence intensity ^to^^judge whether 



the hybrid is full matche^(o r^^no t) is not obtained. 
Also, conditions for detecting the fluorescence solely 
15 from the full matched hybrid, eliminating fluorescence 
from one-base mismatched hybrids^have not been 
determined. 

In order to dlsa o lvo the difference of the hybrid 
20 stability due to the sequence, a method using 

tetramethylammonium chloride is described in Proc. 
Natl. Acad. Sci. USA Vol. 82, pp. 1585-1588 (1985). 
However, the abov^iescribed problems have not been 
solved perfectly. 
25 [0006] 

A method for judging whether a hybrid being a 
perfect match is described in Scienc vol. 274 p. 610- 
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614, 1996, in which a 15-mer oligonucleotide probe and (X/ 
15-iner oligonucleotides having the same sequence except 
for one mismatching base at the center of the sequence 
are prepared^ artU^^e fluorescence intensity of the 
5 hybrid with the probe (perfect match) is compared with 
those of hybrids with other one-base mismatching 
oligonucleotide^^aa*^ly when the intensity of the 
perfect match is stronger, it is judged positive. 
[0007] 

10 Based on the method above, USF 5,733,729 discloses 

a method using a computer for^^more accurate calling, 
where the fluorescence intensities of the hybrids are 
compared by using a computer to know the base sequence 
of a sample. 

15 [0008] 

In these methods, it is necessairy to locate the 
subject nucleotide to be examined in the center of a 
probe and to prepare a set of four probes each having 
one of four bases at the position. It is also necessary 

20 to prepare such a probe set for each of|^ overlapping 

sequences with one base shift. As described above, they 
use 15-mer oligonucleotides and detearmine the perfect 
match by comparing with other three types of probes 
having one-base mismatch at the center. It is said that 

25 more accuracy can be obtained by evaluating the 

stability of the hybrids theoretically or empirically. 
In addition, if the base length of the region to be 
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examined is L , the ninnber of probes will be 4xL ( e.g., 

20 probes for 5 bases). 

10009] 

Although the abov^Q^e scribed methods using 
5 mismatches are excellent in that the call is relatively 
easy by comparing with one-base mismatches at the same 
position of the same sequence and that the number of 
prbbes may be small (in SBH, 1024 types of probes are 
required for the similar analyses) , they have 
10 significant def ectSj^that accurate information aan not 
be obtained when there are two base mismatches in the 
same region or when there is a base deletion or 
insertion. 
[0010] 

15 On the other hand, the SBH method may solve the 

abovdQlescribed problems and in principle, it may cope 
with any variation .|[^all, however, is rather difficult, 
^jace^ntensity ofj^ne-base mismatch in one sequence is 
stronger than that of a full match in another sequence 

20 and ra^Sf^tability of the hybrid differs considerably 
according to the position of the mismatch in the 
sequence even if it is an one-base mismatch. As a 
result, a full match, one-base and two-base mismatches 
(continuous or discontinuous) cannot be simply called 

25 from the fluorescence intensities. Accordingly^ complex 
analyses^ including theor tical predictions, comparison 
betw en individual sequences 6uid accumulation of 
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empirical parameters^ cire required. 
[0011] 

Furthermore , In order to determine the sequence of 
a gene by reading fliiorescence Intensities of hybrids 
for each probe followed by data analysis, a large-scale 
computer system as well as a detector for reading 
arrays :^^requlred. This Is a big obstacle In the way 
of simple gene diagftbsis us^^^ 
£0012] 

SUMMARY OF THE INVENTION 

In view of such problems, the present invention 
provides a method of accurate gene sequencing not 
requiring complex analyses. 
[0013] 

As described above, the fluorescence intensity of 
a hybrid is controlled by various factors. Thus, when a 
probe having about 12 mer to 25 mer in length is used, 
it is hcird to exclude the fluorescence due to hybrids 
havingj^ne-base mismatch. On the other hand, it is 
relatively easy to obtain the conditions for inhibiting 
formation of two-base mismatch hybrids regcirdless of 
position, continuity or discontinuity of the two-base 
mismatch, when a probe of 12 mer to 25 mer in length is 
used. 
[0014] 

The present invention has been achieved based on 
such a finding characterized in that spots of mismatch 



hybrids containing a predetermined nvimber of mismatclies 
are teJcen into account as well as a spot of a perfect 
nnatch hybrids 
[0015] 

According to one embodiment of the piresent 
invention, there is provided a method for identifying 
an unknown base sequence present in a target single- 
stranded nucleic acid comprising the stejis of: 

(a) preparing a probe array in which single - 
stranded nucleic acid probes of No. 1 to No. n (n>2) 
are arranged as isolated spots on a substrate, the 
probes each having a base sequence complementary to one 
o^^piural base sequences expected to be the unknown 
base sequence; 

(b) reacting a single- stranded nucleic acid, which 
has a base sequence fully complementary a base 
sequence of one of the single- stranded nucleic acid 
probes and is fluorescence -labeled, with the probe 
array under such conditions that single-stranded 
nucleic acids complementary to each other form a 
double- stranded nucleic acid; 

removing the unreacted labeled single- stranded 
nucleic acid, and 

measuring fluorescence intensity of each spot of 
-the probe array to obtain a first template pattern 
showing a relationship between location of the probes 
and fluorescent characteristics; 



(c) performing the same operation a^th^step (b) 
for each ofjjr^aining single- stranded nucleic acid 
probes using a second to ai nth single-stranded ntScleic 
acid, ahd obtaining template patterns of No. 2 to No. n 
showing a relationship between location and fluoiresceht 
characteristics of the probes; 

(d) performing the same operation ^s^^*g|j^s^ (b) 

u^th# a^ sample containing the target single^ stranded 

W ■ 
nucleic acid of ^unknown base sequence to obtain a 

■ 0/ 

sample pattern showing^relationship between a position 
cind fluorescent characteristics; and 

(e) comparing the sample pattern obtained in the 
step (d) with n pieces of template patterns obtained in 
«^steps (b) and (c)^ to identify a template pattern 
showing substantially the same pattern as the sample 
pattern and identifying the base sequence of the 
single- stranded nucleic acid used for the preparation 
of the identified template pattern as the unknown base 
sequence of the target single- stranded nucleic acid. 
[00161 

According to another embodiment of the present 
invention, there is provided a method for identifying 
an unknown base sequence present in a target single- 
stranded nucleic acid comprising the steps of: 

(a) preparing a probe array in which single - 
stranded nucleic acid probes of No. 1 to No* n (n^2) 
are arranged as isolated spots on a substrate, the 
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probes each having a base sequence complementary to one 
of^^l^ural base sequences expected to be the unknown 
base sequence; 

(b) reacting a single- istranded huclelc acld^whl^ 
5 has a base sequenced fully cbmpleirienteaiY to a base 

sequence of one of the single -stranded nucleic acid 

probes and is fluorescence- lab^lSdv with 

curray under suOh cbnditiOns thsA s^tk^l^ 

nucleic acids complementary to each other form a 
10 double -stranded nucleic acid; 

removing the unreacted labeled single- strcinded 

nucleic acid\ and 

measuring fluorescence intensity of each spot of 

the probe array to obtain a first template pattern 
15 showing a relationship between y|location of the probes 

and fluorescent characteristics; 

(c) analyzing the first template pattern to locate 
probes and to calculate a mean value of fluorescence 
intensities (Fi) of the double- stranded nucleic acids 

20 having i of mismatched base pairs , where i is an 
integer not less than 1; 

(d) calculating a difference (Fl, 0) between the 
fluorescence intensity of the fully complementary 
double- stranded nucleic acid without mismatch (FO) and 

25 the mean value of the fluorescence intensities of the 
doubl -stranded nucleic acids having^one-base mismatch 
(Fl), further calculating a difference (Fi+1, i) 
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between a fluorescence intensity of a double- stranded 
nucleic acid having (i+1) base mismatches (Fi+1) and a 
fluorescence intensity of a double- stremded nucleic 
acid having i-base mismatches (Fi), and idehtifying i 
5 being Fi+1, i << Fi, i-1; 

(e) assuming a target DNA^ which base sequence is 
complementary to the second probe sequehde> then 
obtaining the second template pattern forihed by 
probe position where the number of misinatcKeid base 

10 pairs to the target having the complementary sequence 
to the second probe sequence is not more than i; 

(f ) perf canning the same operation as Wste step (e) 
for each ofy^^maining single-stranded nucleic acid 
probes using a third to a nth single- streuided nucleic 

15 acid, and obtaining template patterns of No. 3 to No, n 
showing a relationship between ^location and fluorescent 
characteristics of the probes, wherein the template 
patterns are formed from the positions of the probes 
having a base sequence that forms mismatched base pairs 

20 in a number not more than i; 

(g) performing the same operation as tllS step (b) 
using a sample containing the teirget single- stranded 
nucleic acid of^nknown ibase sequence to obtain a 
sample pattern showingj^relationship between a position 

25 and fluorescent characteristics; and 

(h) comparing the sample pattern obtained in 

step (g) with n pieces of template patterns obtained in 
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tlS^steps (b), (c) and (e). to Identify a template 
pattern showing essentially the same pattern as the 
sample pattern and identifying the base sequence of th^ 
single- 5 tremded nucleic acid used for the preparation 
5 of the identified template pattern as the unknown base 
sequence of the tcirget single-stranded nucleic acid. 
[0017] 

According to the present invention, patterns; of 
positive spots on the substrate are teJcen as Ijnages/ 
10 and, the unknown sequence cein be analyzed by comparing 
the images with the predicted pattern to identify the 
unknown genetic sequence easily. 
[0018] 

Hybridization conditions ^which allow^ complete 
15 discrimination between one-base mismatch and two-base 
mismatch are also disclosed. 
[0019] 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a pattern of an arrangement when 64 
20 types of probes are used; 

FIG, 2 shows a pattern of the eurrangement showing 
positive spots formed with a target nucleic acid; 

FIG, 3 shows patterns of the arrangement showing 
positive spots formed with variant sequences of the 
25 targ t nucleic acid; 

FIG. 4 shows is a pattern obtained in Example 1 
with fluorescence intensiti s. 
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FIG. 5 is an expected pattern ±n Example 2; 

FIG. 6 is a patteim obtained in Example 2 with a 
fluorescence threshold of 10%; and 

FIG. 7 is a pattern obtained in Example 3 with 
fluorescence intensities . 

DETAILED DESCRIPTION OF THE INVENTION 

The present Invention is explained in detail. 
Call using fluorescence image 

One embodiment of the present invention 
particularly effective when bases which may cause 
mismatching exist close to each other. Herein, this 
will be explained using 5 'GATGGGNCTCNNGTTCAT3 ' as an 
example, this sequence includes a base sequence 
corresponding to the 248th and 249th amino acids 
(hereinafter AA248 and AA249) of tximor suppressor gene 
p53. This example is only to explain this invention 
roughly, not to limit the present invention to a 
specific array form or probe arrangement . The concept 
of the present invention that the result is treated as 
an image is applicable to any form of arrays. The SBH 
method is naturally subjected to the analysis of the 
present invention. 
[0020] 

In the above example, when a full set of probes is 
prepar d by r placing the base represented by N with 
any of four bases (A, G, C, T), that is, when three 
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bases (no need for continuity) are excimlnedr 4^ = 64 
probes are Girrcinged on the substrate. 4^ - 1024 probes 
aTB required tb examine five bases . 
[00211 

5 Aii example of the cirrangement when 64 types of 

probeis are used Is shown In FIG. 1. 
[0022] 

rh this example^ in the upper left quarter of the 
array of 64 jirbbes, are iarranged the probes of which 

10 first M is A (probe huittber: 1^16), while in the lower 
left quarter, the probes of which^ first N is G (probe 
number: 17-32). Similarly, in the upper right quarter, 
probes of which||first N is C (probe number: 33-48) are 
arrianged and in the lower right, those having the first 

15 N of T (probe number: 49-64). In each region, the 

probes having the second N of A are positioned in the 
first column from the left, G, C and T for the second, 
third and fourth columns^ respectively . Also, probes 
having the third N of A are positioned in the first row 

20 from the top in each region, G, C and T in the second, 
third and fourth rows ^respectively. As a result, for 
example, the sequence of 5 ' GATGGGACTCAAGTTCAT3 ' 
corresponds to the upper left corner spot. A target 
nucleic acid being 5 ' ATGAACCGGAGGCCCATC3 • , which 

25 corresponds to the normal gene, is expected to form a 

hybrid with a probe DNA 5 ' GATGGGCCTCCGGTTCAT3 \ which is 
positioned at the crosi^oint of the third column from 
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the right and the third row from the top • 
[0023] 

Now the case where> one-base mismatches are 
included in a template pattern for determining the 
5 secjuehce of the gene will be explained. In this case, 
if the fully matching sequence is the probe 42 
(noannal) ^ one-base mismatching sequences to be called 
positive Gprrespond to 9 points (shadowed circled), 
fbrming a pattern together With thfe perfect match point 
10 as shown in FIG. 2. 
[0024] 

On the other hand, the pattern change is observed 
with a target nucleic acid having a variant sequence to 
be identified, as shown in FIG. 3. 
15 [0025] 

In the present invention, dLmages of the expected 
fluorescent patterns composed of such full match and 
one-base mismatch hybrids are input into a computer 
memory device or the like beforehand, and the call 
20 is performed by comparing the fluorescent image 

obtained by a predetermined method with the memory. 
Herein, detailed queintitative data of the fluorescence 
intensity of positive spots €hse not required. Simple 



iudgement on whether the fluorescence is stronger than 
25 the threshold value wtrfcrti has been determined 

experimentally enables simple and automatic calling 
using a computer^ etc. 
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[0026] 

Setting of threshold 

When a probe of about 18 mer is used, the 
threshold is preferably set between the fluorescence 
5 intensity of the one-base mismatch and that of the two- 
base mismatch. Although the fluorescence intensity 
depends on the sequence or the reaction conditions, 50% 
to 25%, more preferably 30% to 20%, of the highest 
fluorescent intensity (normally of the full match 
10 hybrid) may be used as the threshold. When the length 
of the probe is shorter, the threshold will be lower. 
[00271 

Fluorescence of those having three-base mismatch 
will be below 10% of the maximiam fluorescence, allowing 
15 complete discrimination. 

[00281 ^ 

FIG. 4 shows the spots whluh fluoresce at an 
intensity higher than 10% of the maximum fluorescence 
corresponding to the full match and one-base mismatch 
20 hybrids. 
[00291 

A more specific calling method will be described 
with the above example. 
[00301 

25 When the hybridization reaction is carried out 

very s 1 ctively, strong fluorescence appears only at 
one point (the full match). When the sensitivity is 
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Increased gradually or the stringency in reaction 
conditions is reduced, as expected from FIG* 3 in the 
abov^^bcranged example, the one-base mismatch points 
will appear in a row and a column crossing at the full 
match point* However, the actual fluorescent image is 
not always such that three spots each align in a row 
and column airound a strong f luorescent point . Since six 
pbitits not Always have^siirtarlar fluorescence intensity 
due to the hybrid stabiliti^ difference > not all of the 
spots can bS'^ detected. Ho\*ever, at least some spots 
would be sesej^i on those lines. At the same time, the 
remaining pn^- base mismatches may fluoresce at the 
expected positions, although the intensity might be 
weaker than other spots. 
[0031] 

Sometimes, the full match hybrid and one-base 

A/ 

mismatch hybrids may have^similar fluorescence 
intensity to give a pattern consisting of the expected 
10 spots of the full match and one-base mismatches. 
[0032] 

Although the fluorescence intensity of two-base 
mismatch hybrids sometimes excee^the threshold, they 
can be distinguished easily because of the divergence 
from the expected patteim. 
[0033] 

Thus, the method of the present invention where 
calling is performed by comparing the expected pattern 
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with the actually obtained fluorescent image has a 
featiure that the presence or absence ofy^variation in 
tile test gene can be easily deterinined and, at the same 
tiimev the nature of the V€u:iatioh (which base(s) is 
changed to what base(s) ) can be deteannihed. 
[0034J 

Further, when the result of hybridization using 64 
probes is assessed, the idea of pattern assessment has 
an advantag^i^hat calling is more reliable than with 
only one spot. Since the hybrids with 64 DNA probes 
differ in heat st^hLility between individual sequences, 
it is not aAdwst,A that the full match hybrid is always 
far more stable and radiates^stronger fluorescence. In 
addition, it is often impossible to determine the 
strongest and full match spot due to the foreign 
matter*^ on the substrate or the artifacts during the 
hybridization reaction, J^^this point, calling by (X^ 
pattern can compensatejf certain variation of 
fluorescence intensity, if any. 
[0035] 

Probe length 

The probe length used- for the present invention is 
approximately 8 mer to 30 mer, more preferably 12 mer 
to 25 mer. When it is shorter than 8 mer, stability of 
the hybrids having^one-base mismatch is low and the 
fluorescence from the full match is superior, vrtiile 
when it is longer than 30 mer, that fluorescence of two- 
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base mismatches sometimes is (for example, when 
mismatches locate at the both ends ) stronger than that 
of ohe-base mismatches • 
[0036] 

5 Conditions of hybridisation reaction 

Preferable hybridization conditions are as 
follows : A substrate is soaked completely in a sample 
solution and heated for heat ^dehat 
t>r6bes on the substratie and the S€^^ 
10 substrate and the solution eire cooled slowly to perform 
the hybridization reaction ^ The salt Goncentratioh of 
the reaction mixture without f oraamide is desirably 
below 100 mM. 
[0037] 

15 ^propriate temperature for heat denaturation is 

60*C or higher, preferably 80*^0 or higher. The 
temperature for heat denaturation is determined 
depending on the stability of the substrate itself , 
length and concentration of the test DNA,j^t^e of the 

20 labeling compound. For example, with such a substrate 
prepared by binding DNA to a resin layer formed on the 
surface of the substrate, sometimes the resin layer is 
destroyed by heating at a high temperature. On the 
other hand, substrates prepared using a silane coupling 

25 agent btb rather heat -stable and can be heated to a 
higher temperature- When the test DNA is a single- 
stranded DNA, the intramolecular double-streuided 



m 



- 19 - 

structure 4* mel^at 70* C or more , while when the 
sample is a double -stranded DNA or long single- stranded 
DilA, it id necessaiT?' to melt th6 double -stircinded 
stiructure by heating at a higher teumper at ure or by 
5 adding a denaturing aigent such afS formamide* Tljne 
required for heat denaturation is 10 min or more, 
depending on the microassay size and the volume of ^he 
saiiq[>le solution. 
[0038] 

10 The hybridization conditions ^e determined 

according to the conventional method where temperature 
and salt concentration are changed considering the 
length and sequence of the probes, and the type of the 
test sample* The suitable conditions for discriminating 

15 extremely similar sequences as in the present invention 
are 45* C for over 3 hours in a solution containing 100 
mM of sodium chloride. However, as the reaction tdLme 
is greatly affected by the sample concentration, it is 
not limited to the above reaction conditions. With a 

20 sample ofyyhigh concentration, calling within 3 hours is 
possible, while with a dilute sample, 10 hours or more 
of the reaction time -^j^equired. When formamide is 
added, the concentration of sodium chloride should be 
increased. 

25 Preparation of DNA array 

How to prepare the DNA surray suitable for the 
hybridization reaction of the present invention is 
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exemplified b low. However, since the purpose of th 
present Invention is to provide a simple method for 
evaluating the hybiridlzatlon patteiSi oh ti^^^ 
to determine the bas^ sequence of a safepls^ 
5 substrate preparation method Is not spi^cif Ically 
limited- 

[00391 ? 

IrtiA iprobes may be covalently bonde4;'t^^ 
substrate by reaLcting the probes with fiindtlonal groups 

gJ 

10 on the substrate. The following Is a method ofy^coupllrig 
reaction between a maleimlde group on the glass sxirface 
with an SH group at the end of DNA . 
[0040] 

14alelmlde groups can be Incorporated onto the 
15 surface of a substrate, first, by Introducing eunino 

groups with an amino silane coupler onto the substrate, 
and then reacting the amino groups with a reagent 
containing N- ( 6 -maleimidocaproyloxy ) succinimlde ( EMCS 
reagent: Dojin Co., Ltd.). Introduction of an SH 
20 group to^NA can be per f canned by 4iuc UT 5 '-Thiol - 

Modifier C6 (Glen Research Company) on a DNA-automatlc 

synthesizer. 

[0041] 

Spots of the DNA probes are formj^ ^by the ink jet 
25 method ^n th substaral^^ ^j^^^en^the probe ONA is fixed by 
the reaction between the maleimlde groups on the 
substrate and the SH groups at the end of the DNA. 
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[0042] 

A DNA solution suitable for ink jet ejection to 
the maleimide- substrate is one containing glycerin/ 
urea , thiodiglycol or ethylene glycol , acetylehoi EH 
(Kawaken Pine Chemical Company-made) and isopropyl 
alcohol- Particularly, a solution containing 7*5% of 
glycerin , 7.5% of urea ,7.5% of thiodiglycol and 1% of 
acetylenol EH is preferable. 
[0043] 

The array substrate to which DNA has been bonded 
is then soeJced in an aqueous solution of 2% bovine 
serum albumin for 2 hours for blocking. it is ready 

for a hybridization reaction. 
[0044] 
Examples 

The invention will be described in the following 
Examples in more detail. 
Example 1: pattern recognition I 
!• Probe Design 

It is well known that in the base sequence CGGAGG 
corresponding to the AA248 and AA249 of the tumor 
suppressor gene p53, frequently observed variation^tsA'T^ 
tho^^ the first C to T, the second A to G for AA248, 
and the third G to T for AA249. Accordingly, aiming at 
these three positions, 64 types of probes were 
designed. 
[0045] 
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That is, the designed nucleic acid are 18-in r 
nucleic acids harboring variegated abovdQbentioned six 
bases sandwiched between the comihdn seguehces, to be 
represented by 5 ' ATGAACNNGAGNGCCATG3' where N 
corresponds to any of 4 bases. A, G, C and T» Actual 
probes to detect the above sequence should b$ have a 
complementary sequence of 5 ' GATGGGNGTCNNGTTCAT3 ' . 
[0046] 

FIG* 1 shows an arreingement of 64 types of DNA 
probes on a substrate. Each sequence (SBQ ID NOs: 1 to 
64) is specifically shown in Table i. 
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3le 1 



^^equenco miniDer 

(seQ ID Na) 




Sequence Mumber 
(SEQ ID NO:) 


Sequence 


■ ^ . ■ ■ 


GATGGGACTCAAGTTCAT 


33 


GATGGGCCTGAAGTTCAT 


2 


GATGGGACTCAGGTTCAT 


34 


GATGGGCCTCAGGTTCAT 


3 


GATOGOACTOACGTrCAT 


35 


GATGGGCCTCACXarrrCAT 


4 


GATGGGACTCATGTTCAT 


36 


GATGGGCCrCATGTTGAT 


5 


GATGGGACTCGAGTTCAT 


37 


GATGGGCCTCGAGTTCAT 


: 6 . 


GATGGGACTCGGGTTCAT 


38 


GATGGGCCTCGGGTTCAT 


7 


GATGGGACTCGCGTTCAt 


39 


GATGGGCCTCGCGTTCAT 


8 


GATGGGACTCGTGTTCAT 


40 


GATGGGCCTCGTGTTCAT 


9 


GATGGGACTCXAGTTCAT 


41 


GATGGGCCTCCAGTTCAT 


10 


GATGGGACTCCGGTTC AT 


42 


GATGGGCCTCCX3GTTCAT 


11 


GATGGGACTCCCGTTCAT 


43 


GATGGGCCTCGCGTfCAT 


12 


GATGGGACTCCTGTtCAT 


44 


GATGGGCCTCCTGTTCAT 


13 


GATGGGACXrCTAGTTCAT 


45 


GATGGGCXrrCTAGTTCAT 


14 


GATGGGACTCTGGTTCAT 


46 


GATGGGCCTCTGGTTCAT 


15 


GATGGGACTCTCGTTCAT 


47 


GATGGGCCTCTCGTTCAT 


16 


GATGGGACTCTTGTTCAT 


48 


GATGGGCCTCTTGTTCAT 


17 


GATGGGGGTCAAGTTGAT 


49 


GATGGGTGTCAAGTTGAT 


18 


GATGGGGCTGAGGTTCAT 


50 


GATGGGTTCTAGGTTGAT 


19 


GATGGGGCTCACGTTGAT 


51 


GATGGGTCTCACGTTCAT 


20 


GATGGGGCTCATGTTCAT 


52 


GATGGGTCTGATGTTGAT 


21 


GATGGGGCTCGAGTTCAT 


53 


GATGGGTCTCGAGTTCAT 


22 


GATGGGGCTCGGGTTCAT 


54 


GATGGGTGTGGGGTTCAT 


23 


GATGGGGCTCGCGTTCAT 


55 


GATGGGTCTCGCGTTCAT 


24 


GATGGGGCTCGTGTTCAT 


56 


GATGGGTCTCGTGTTCAT 


25 


GATGGGGCTCCAGTTCAT 


57 


GATGGGTCTCCAGTTCAT 


26 


GATGGGGCTCCGGTTCAT 


58 


GATGGGTCTCGGGTTCAT 


27 


GATGGGGCTCCCGTTCAT 


59 


GATGGGTCTCCCGTTCAT 


28 


GATGGGGCTCCTGTTCAT 


60 


GATGGGTCTCCTGTTCAT 


' 29 


GATGGGGCTCTAGTTCAT 


61 


GATGGGTCTCTAGTTCAT 


30 


GATGGGGCTCTGGTTCAT 


62 


GATGGGTCTCTGGTTCAT 


31 


GATGGGGCTCTCGTTCAT 


63 


GATGGGTCTCTCGTTCAT 


32 


GATGGGGCTCTTGTTCAT 


64 


GATGGG 1 C 1 C n GTTCAT 



5' ATGAACCGGAGGCCCATC3 which is the sequence 
corresponding to the normal gene is expect d to form a 
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hybrid with the DNA probe 42 of 5 ' GATGGGCCTCCGGTTCAT3 ' 
located at the third point from the right and from the 
top. 
[00481 

Ii^experiment of 64 hybrid formation, fluorescence 
from the one -base mismatch hybrids is also expected in 
addition to that from the full match hybrid • ^fn 
e3CiE>ectieid pattera 6 the f luor<&scence from the full 
match hybrid and one-base mismatch hybrids is shown in 
FIG. 2. 
[0049] 

2. Preparation of substrate introduced with maleimide 
group 

Substrate Gleaning 

A j^ ass pla ^t^^q^^ inch squeire was placed in a 
racX and soaked in an ultrasonic cleaning detergent 
overnight. Then, after 20 min of ultrasonic cleaning, 
the detergent was removed by washing with water. After 
rinsing the plate with distilled water, ultrasonic 
treatment was repeated in a container filled with 
distilled water, for additional 20 min. Then^the plate 
was socdced in a prewarmed IN sodium hydroxide solution 
for 10 min, washed with water and then distilled water. 
[00501 

Surface treatment 

T>iQiaf^e plate was soaked in an aqueous solution 
of 1^1% silane coupling agent ( product of Shin-Etsu 
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Chemical Induistry: Trade name KBM 603) at a room 
temperature for 20 mli^^'j^ereaf ter^ nltrogenr gas wias 
blowh oh the both sides blowing of £ water to dryness. 
The silahe coupling trteatmeht was completed by ba3cing 
the plate in an oven at 120* C for 1 hour. 
Subsequently , 2.7 mg of EMCS { N- ( 6 -maleimidocaproyloxy ) 
succinimide: Do j in Company) was weighed and dissolved 
in a 1 t i solution of DMfeO/etha^ (final 
conGentratidh : 6.3 mg/ml) . The glass sfubstrate treated 
with the silahe coupling agent was soaked in this EMCS 
solution for 2 hours to react the amino group of the 
silane coupling agent with the succimide group of EMCS. 
At this stage, the maleimide group of EMCS is 
transferred to the glass surface. After that, the 
glass plate was washed with ethginol^ and dried with 
nitrogen gas to be used for a coupling reaction with -fk^ 
DNA. 

3. Coupling of DNA to the substrate 
Synthesis of 64 DNA probes 

The above 64 types of probe DNAs each having an SH 
group (thiol group) at the 5' terminus were synthesized 
by Becks Co., Ltd. at our request. 
Ejection of DNA probes 

The above 64 types of DNAs were ejected 
resp ctively as follows. Each DNA was dissolved in 
water and diluted with SG Clecir (aqueous solution 
containing 7.5% of glycerin, 7.5% of ur a, 7.5% of 
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thiodlglycol atnd 1% of acetylenol EH)^ to a final 
concentration of 8 pM. Then 100 pi of this DNA 
isoiutibn wad f iiled i^ ai liozzle of a 6J printer Head 
BC 62 (Caiionl modified to eject a small embiih t^ a^ to 
eject six solutions per head. Two heaidis were used at a 
time so that 12 types of DNAs could be ejected at once^, 
and the heiads were changed 6 times so that 64 spots of 
64 ty&^s of DMAs were formed On the 
ihde^pehdentiy . 
[0051] 

Sixty four probes were spotted with a diameter of 
70 iim and a pitch of 200 pm to form a matrix of 8 x 8. 
After that, the plate was left stemding in a humidified 
chamber for 30 min for^inking ireaction of the probe 
DNA to the substrate. 
Hybridization reaction 
- Blocking reaction 

After completion of the reaction, the substrate 
was washed with a 1 M NaCl/50 iriM phosphate buffer 
solution (pH 7.0) to wash out thoroughly the DNA 
solution on the glass surface. Then, this was soaked 
in an aqueous solution of 2% bovine sertmi albumin and 
allowed to stand for 2 hours to carry out a blocking 
reaction. 



- Preparation of mod 1 sample DNA 

Rhodamlne labeled DNA No. 1 (SEQ ID NO: 65) of the 
same length as the probes but having the normal 
sequence of p53 gene was prepeired; l^he seiqueiiGe Is 
shown below and rhodaimine is bondied to the 5* terminus. 
10052] 

No. 1 : 5'Rho-ATGAACCGGAGGCCGATC3' 

- Hybridizatlbh dohdltioiis 

Wo milliliters bf a 10 iiM tnoi^ 
solution containing 100 mM NaCl wais applied to the DNA 
array substrate in a hybridization bag^ and the bag Was 
initially heated at BO* C for 10 min. Then^the 
temperature of the incubator was lowered to 45* C and 
the reaction was continued for 15 hours. 
5. Detection 

- Detection method 

The detection was performed by connecting an image 
analysis processing apparatus, ARGUS ( a product of 
Hamamatsu Photonics) to a fluorescence microscope (a 
product of Nicon) . 

- Result 

The fluorescence intensities obtained from the 
model hybridization reaction with the labeled DNA No. 1 
(18-mer) are shown in FIG. 4. The maximum value of the 
fluorescence intensity was obtained at the spot of 
^robe 4 2^ which Is fully complementary to DNA No. 1. 
Taking this intensity as the maximum value (1.0), the 
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threshold is set at 10% of this value and the spots 
having higher intensity eire painted dark. 
[0053] 

The spots of probes 10, 26, 41, 46 and 53 d£ :<inB 
base mismatch hybirids have fluorescence higher than the 
threshold, and it is undeirstood that the Ideation 

- — with PIG- 2 of the expected pattern. 
By lowering the threshbid further 
above 5 spots, the sj>6ts of other one-bas<i3t mlsm^^ 
10 probes appeared airound the full matcl^^ probe in 

vertical and horizontal lines, coincielefBwSb with the 

expected pattern. 

[0054] 

Example 2: Pattern recognition II 

15 A DNA array of 64 types of probes was prepared in 

the same manner as in Example 1, and the hybridization 
reaction was performed using a rhodamine- labeled DNA 
No. 2 as a model sample. The DNA No. 2 (SEQ ID NO: 66) 
has a sequence complementary to the No. 46 probe of 

20 FIG. 1. 

[00551 

No. 2: 5'Rho-ATGAACCAGAGGCCCATC3' 

The reaction conditions of hybridization cire the 
scune as in Example 1 . 
25 [00561 

PIG. 5 is em expected pattern consisting of th 
perf ct match and one-base mismatch hybrids, and the 
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resulted patt rn obtained as in Example 1 is shown in 
FIG. 6. The threshold is set at 10% of the maximum 
value. When the detected spots are painted dark, the 
result >B^eliV^orrespondiaflO^ the expectation. 




[0057] 

Example 3: Pattern recognition III 

An experiment was carried out in the same mantier 
as in Example 2^ except that the concentration of the 
sample DNA used for the hybridization reaction wa0 5 nM 
and the reaction was carried out at 40* C overnight. 
The result obtained is shown in FIG. 7. 
[00581 

If the threshold is set as 50%, fluorescence was 
detected at the positions (shaded parts) of Nos. 34 and 
62 probes (one-base mismatch) in addition to No. 46 
(full match), and with further reduction of the 
threshold to 10%, the result coinciderrt^ with the 

expected pattern. In this case, Nos. 6, 22 and 54 of 
two -base mismatch probes were -detected, but the 'two - 
base mismatch can be distinguished from the one-base 
mismatch as the deviation from the expected pattern of 
one-base mismatch, and No. 46 can be called as the full 
matched probe. 



SEQU^CE LISTING 
<110>Canon INC. 

<120>Method of analyzing base sequence of nucleic acid 

<130>CFO 15718 

<150>JP 263506/2000 

<160>66 

<210>1 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>1 

gatgggactc aagttcat 

<210>2 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Saniple oligonucleotide 
<400>2 

gatgggactc aggttcat 

<210>3 

<211>18 

<212>DNA 

<213>ArtificieLL sequence 
<220> 
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<223>Sainple oligonucleotide 
<400>3 



<212>DNA 

<213>Artifiolal sequence 
<220> 

<223^SaiiQ>le oligonucleotide 
<400>4 

gatgggactc atgttcat 

<216>5 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>San5>le oligonucleotide 
<400>5 

gatgggactc gagttcat 

<210>6 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sanii>le oligonucleotide 
<400>6 

gatgggactdgggtcat *^ 



gatgggactc acgttcat 



<210>4 



<211>18 
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<210>7 

<211>18 

<212>IMIA 

<2l3>Artif icial se^ence 
<220> 

<223>Sanqple oligonucleotide 
<400>7 

gaitgggsustc gcgttcat 

<210>8 

<211>18 

<212>DNA 

< 2 1 3 >Art if Icial sequence 
<220> 

<223>Sanple oligonucleotide 
<400>8 

gatgggactc gtgttcat 

<210>9 

<211>18 

<212>DNA 

<213>Artlflcl£Ll sequence 
<220> 

<223>Saniple oligonucleotide 
<400>9 

gatgggactc cagttcat 
<210>10 
<211>18 
<212>DNA 



<213>Artificial sequence 
<220> 

<2i3>San!^i.& oiigbnuclebtlde 
<400>10 

giatgggactc cggttcat 

<210>11 

<211>18 

<2i3>Artificial sequences 
<220> 

<^23>Sainple oligdnucleotide 
<400>11 

gatgggactc ccgttcat 

<210>12 

<211>18 

<212>DNA 

<213>Arti£lclal sequence 
<220> 

<223>Sainple oligonucleotide 
<400>12 

gatgggactc ctgttciat 

<210>13 

<211>18 

<212>DNA 

<213>Artlflclal sequence 
<220> 

<223>Saiiqple oligonucleotide 



<400>13 

gatgggactc tagttcat 

<2l0>14 

<211>18 

<2i2>im 

<2i3>Airtificial sequence 
<22d> 

<223>SaB4>ie bliigrbhticlebtide 
<400>14 

gatgggactc tggttcat 

<210>15 

<211>ld 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>15 

gatgggactc tcgttcat 

<210>16 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>San{>le oligonucleotide 
<400>16 

gatgggactc ttgttcat 
<210>17 



<211>18 
<212>DNA 

<213>Artif icial sequence 
<220> 

<223>Sainple ollgotiuclebtide 
<400>17 

gatggggctc aagttcat 

<210>18 

<2li>18 

<212>DNA 

<213>AFtificial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>18 

gatggggctc aggttcat 

<210>19 

<211>18 

<212>I»iA 

<213>ArtificicLL sequence 
<220> 

<223>Sample oligonucleotide 
<400>19 

gatggggctc acgttcat 

<210>20 

<211>18 

<212>DNA 

<213>Arti£icial sequence 



<220> 

<223>Sanq[>le oligonucleotide 
<400>20 

gatggggctc atgttcat 

<210>21 

<211>18 

<212>DNA 

<213>Artif icial seqta^^ce 
<220> 

<223>Sample oligonuGleotid^ 
<400>21 

gatggggctc gagttcat 

<210>22 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>22 

gatggggctc gggttcat 

<210>23 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>San!i>le oligonucleotide 
<400>23 
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gatggggctc gcgttcat 

<210>24 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>24 

gatggggctc gtgttcat 

<210>25 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>San5)le oligonucleotide 
<400>25 

gatggggctc cagttcat 

<210>26 

<211>18 

<212>DNA 

<213>Artificicil sequence 
<220> 

<223>Sainple oligonucleotide 
<400>26 

gatggggctc cggttcat 

<210>27 

<211>18 
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<212>DNA 

<213>ArtificicLL sequence 
<220> 

<223>Sainple oligonucleotide 
<400>27 

gatggggctc ccgttcat 

<210>28 

<211>18 

<212>£aiA 

<213>ArtificieLL sequence 
<220> 

<223>Sainple oligonucleotide 
<400>28 

gatggggctc ctgttcat 

<210>29 

<211>18 

<212>DNA 

<213>Artificieil sequence 
<220> 

<223>Sai5)le oligonucleotide 
<400>29 

gatggggctc tagttcat 

<210>30 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 



<223>SaiBple oligonucleotide 
<400>30 

gatggggctc tggttcat 

<2i0>31 

<211>18 

<212>DNA 

<2i3>Artificial sequence 
<22d> 

<223>Sang>le ollgbnucleptide 
<400>31 

gatggggctc tcgttcat 

<210>32 

<211>18 

<212>I»iA 

<213>Artiflcial sequence 
<220> 

<223>San^le oligonucleotide 
<400>32 

gatggggctc ttgttcat 

<210>33 

<211>18 

<212>DNA 

<213>Ai:tificial sequence 
<220> 

<223>Sarople oligonucleotide 
<400>33 

gatgggcctc aagttcat 
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<210>34 
<211>18 
<212>DNA 

<213>Artiflcial sequence 
<220> 

<223>Siairple oligonucleotide 
<400>34 

gatggifcctc aggttdi^t 
<2I10>35 / 
<211>18 
<212>DNA 

<213>Artific±al sequence 
<220> 

<223>Sannple oligonucleotide 
<400>35 

gatgggcctc acgttcat 

<210>36 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sairple oligonucleotide 
<400>36 

gatgggcctc atgttcat 

<210>37 

<211>18 

<212>DNA 



<213>Ar1:ificial sequence 
<220> 

<223>sainpie pligonuclebtide 
<400>37 

i^tgggcctc gagttcat 

<210>38 

<211>18 

<212>EaJ& 

<213>ArtiJBic±g^ 

<220> 

<223>Saii^le oligonucleotide 
<40P>38 

gatgggcctc gggttcat 

<210>39 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>5airple oligonucleotide 
<400>39 

gatgggcctc gcgttcat 

<210>40 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>San!ple oligonucleotide 
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<400>40 

gatgggcctc gtgttcat 

<210>41 

<211>18 

<212>I»iA 

<213>Arti£iGiai sequence 
<220> 

<223>Saini>le' oiijgoniicleotiae 
<400>4l 

gatgggGctc cagttcat 

<210>42 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sample oligonucleotide 
<400>42 

gatgggcctc cggttcat 

<210>43 

<211>18 

<212>I»iA 

<213>Artificial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>43 

gatgggcctc ccgttcat 
<210>44 



<211>18 
<212>DNA 

<213>Artif icial sei^u^ce 
<220> 

<223>San5)le ollgontieieptide 
<400>44 

gatgggcctc dtgttcat 

<210>45 

<2li>18 

<212>DNA 

<213>Artif icial seguence 
<220> 

<223>San^le oligonucleotide 
<400>45 

gatgggcctc tagttcat 

<210>46 

<211>18 

<212>I»iA 

<213>Artif icial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>46 

gatgggcctc tggttcat 

<210>47 

<211>18 

<212>DNA 

<213>Artificial sequence 



<220> 

<223>Sainple oligonucleotide 
<400>47 

gatgggcctc tcgttcjat 

<210>48 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Saniple oligonucleotide 
<400>48 

gatgggcctc ttgttcat 

<210>49 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sainple oligonucleotide 
<400>49 

gatgggtctc aagttcat 

<210>50 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>San^le oligonucleotide 
<400>50 



gatgggtctc aggttcat 

<210>51 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>San^le oligonucleotide 
<400>51 

gatgggtctc acgttcat 

<210>52 

<2H>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Santple oligonucleotide 
<400>52 

gatgggtctc atgttcat 

<210>53 

<211>18 

<212>DNA 

<213>Artl£icial sequence 
<220> 

<223>Sanqple oligonucleotide 
<400>53 

gatgggtctc gagttcat 

<2i0>54 

<211>18 
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<212>DNA 

<213>Artlflclal sequence 
<22d> 

<223>Satnple oligonucleotide 
<400>54 

gatgggtctc gggttcat 
<210>55 

<211>18 ) 
<2i2>i»IA 

<213>Artlflclal sequence 
<220> 

<223>Sefflii>le oligonucleotide 
<400>55 

gatgggtctc gcgttcat 

<2i0>56 

<2ll>18 

<212>DNA 

<213>ArtlflcleLL sequence 
<220> 

< 2 2 3 >Sainple oligonucleotide 
<400>56 

gatgggtctc gtgttcat 

<210>57 

<2il>18 

<2l2>I»iA 

<213>Artlflclal sequence 
<220> 
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<223>Saniple oligonucleotide 
<400>57 

gatgggtctc cagttcat 

<210>58 

<211>18 

<212>DNA 

<213>Artific±€J. sequence 
<220> 

<223>S^mng»le bllgonucleotidei 
<4d0>58 

gatgggtctc cggttcat 

<210>59 

<211>18 

<212>PNA 

<213>Artificial isequence 
<220> 

<223>San5>le oligonucleotide 
<400>59 

gatgggtctc ccgttcat 

<2i0>60 

<211>18 

<212>DNA 

<213>Artiflcial sequence 
<220> 

<223>Saniple oligonucleotide 
<400>60 

gatgggtctc ctgttcat 



<210>61 
<211>18 
<2l2>I»iA 

<213>Arti£icial seqil^ce 
<220> 

<223>Saii]pl6 Oligonucleotide 
<400>61 

ggitgigrgtctc tagittoat 

<21b>62 

<211>18 

<212>DNA 

<213>ArtificiEil isequehce 
<220> 

<223>Sainple oligonucleotide 
<400>62 

gatgggtctc tggttcat 

<210>63 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

< 2 2 3 > Sample oligonucleotide 
<400>63 

gatgggtctc tcgttcat 

<2ip>64 

<211>18 

<212>DNA 
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<213>Artificial sequence 
<220> 

<22a>;San^i^ oiigonuGleoibide 
<400>i54 

gatgggtctc tt^tcat 

<210>65 

<211>18 

•<212>I»Bk -v-' ■ ■ 

<213>p53 fragment 

<220> 

<223>Saii^le oligonucleotide 
<400>65 

atgaaccgga ggcccatc 

<210>66 

<211>18 

<212>DNA 

<213>Artificial sequence 
<220> 

<223>Sainple oligonucleotide 
<4O0>66 

at gaaccaga ggcccatc 
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WHAT IS CLAIMED IS: 

1. A method for identifying an unknown base 
sequence preisiSnt in a target single- stramded iiucleic 
acid comprisinm the steps of: 

(a) prepcuriiig a probe array ih which single- 
stranded nucleic axjid probes of No> 1 to Noi n (n^2) 
are arranged ais^ 1 seated spots on a substrate^ 

probes each having A base seqtience doiiipl^neht ary to <>ne 
of plural base sequenc expected to be the unknown 
base sequence; \ 

(b) reacting a sinble -stranded nucleic acid, which 
has a base sequence fully complementary to a base 
sequence of one of the single- stranded nucleic acid 
probes and is f luorescence -^abeled, with the probe 
array under such conditions that single- stranded 
nucleic acids complementary to each other foarm a 
double- stranded nucleic acid; \ 

removing the unreacted labeled single- stranded 
nucleic acid, and \ 

measuring fluorescence intensity of each spot of 
the probe array to obtain a first template pattern 
showing a relationship between location of the probes 
and fluorescent characteristics; \ 

(c) performing the same operatioil as the step (b) 
for each of remaining single- strcinded nucleic acid 
probes using a second to a nth single -stranded nucleic 
acid, and obtaining template patterns ofVlo. 2 to No. n 
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showing a relatlonsliip b tween location and fluorescent 
characteristics of the probes; 

(d) performingr the same operation as the step (b> 
using a sampXje containing the target single- stranded 
nucleic acid of unknown base sequence to obtain a 
sample pattern ^bowing relationship between a position 
and fluorescent Vsharacteristics; and 

(e) compariM this Sample pattern obtained la the 
step (d) with n piec^is of template patterns obtained in 
the steps (b) and (V) , to identify a template pattern 
showing substantially^^ the same pattern as the sample 
pattern and identifyin\i the base isequence of the 
single -stranded nucleic \acid used for the preparation 
of the identified template pattern as the unknown base 
sequence of the target sinble- stranded nucleic acid* 

2. A method for identiJPying an unknown base 
sequence present in a target single- stranded nucleic 
acid comprising the steps of: \ 

(a) preparing a probe array Vn which single - 
stranded nucleic acid probes of No\ 1 to No. n (n^2) 
are arranged as isolated spots on a\ substrate, the 
probes each having a base sequence qpmplementary to one 
of plural base sequences expected to ^e the unknown 
base sequ nee; \ 

(b) reacting a single- stranded nuclteic acid which 
has a base sequence fully complementary tkf a base 
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sequence of one of th single -stranded nucleic acid 
probes and is fluorescence-labeled, with the probe 
array under Vsuch conditions that single- stranded 
nucleic acidsXcomplementcLry to each other form a 
double- strandecL nucleic acid; 

removing th\fe unreacted labeled single- strandeid 
nucleic acid, and\ 

measuring f luoVescence intehsity of each spot o£ 
the probe array to ootain a first t^^iat^ pattern 
showing a relationship\between location of the probes 
and fluorescent characteristics; 

(c) analyzing the fiMt template patteinn to locate 
probes and to calculate a inean value of fluorescence 
intensities (Fi) of the double- streinded nucleic acids 
having i of mismatched base pairs, where i is an 
integer not less than 1; \ 

(d) calculating a differencV (Fl, 0) between the 
fluorescence intensity of the fulW complementary 
double -stranded nucleic acid without mismatch <F0) and 
the mean value of the fluorescence intensities of the 
double- stranded nucleic acids having one-base mismatch 
(Fl), further calculating a dif f erenceVCFi+1 , i) 
between a fluorescence intensity of a double -stranded 
nucleic acid having (i+1) base mismatche^(Fi+l) and a 
fluoresc rice intensity of a double- strandeck nucleic 
acid having i-base mismatches (Pi), and identifying i 
being Fi+1, i « Fi, i-1; 
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(e) assvuning a target DNA which base sequence Is 
complemeAhtary to the second probe sequence , then 
obtaining the second template pattern formed by the 
probe position where the number of mismatched base 
pairs to Wie target having the complementary sequence 
to the seccmd probe sequence is not more than i; 

(f) performing the Scime operation as the step (e) 
for each of rerKaining single- stremded nucleic acid 
probes using a tWrd to a nth single-streinded nucleic 
acid, and obtainirig template patterns of No. 3 to No. n 
showing a relationsBiip between location and fluorescent 
characteristics of tire probes, wherein the template 
patterns are formed from the positions of the probes 
having a base sequence wiat forms mismatched base pairs 
in a number not more thar\i; 

(g) performing the same operation as the step (b) 
using a sample containing the target single -stranded 
nucleic acid of unknown base Isequence to obtain a 
sample pattern showing relationship between a position 
and fluorescent characteristics ;\ and 

(h) comparing the sample patWim obtained in the 
step (g) with n pieces of template Patterns obtained in 
the steps (b), (c) and (e), to identMy a template 
pattern showing essentially the same pattern as the 
sample pattern and identifying the base \sequence of the 
single- stranded nucleic acid used for th A preparation 
of the identified template patt rn as the unJcnown base 
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seguenc of the target single- stranded nucleic acid. 

3. The method according to claim 2, wherein the 
step (g) fumher comprises the substep of obtaining a 
two -^valued pattern of the fluorescence intensity by 
using the threshold fluorescence intensity Fi. 

4* The method according to claim 2, wherein the 
length of the probeXiis 8 mer to 30 mer, 

5. The method acoording to claim 4, wherein the 
iehgth of the probe is laL mer to 25 mer. 

6. The method according to claim 2, wherein the 
niambfer of the mismatched base V^i^s (i) is 1. 

7. The method according to 6laim 1, wherein in 
the steps (b), (c) and (d), the proofs in the probe 
curray are heat -denatured in a solutioW containing the 
single -stranded nucleic acid, and coolra to a 
temperature suitable for a double- stranded formation 
reaction while the substrate is soaked in the solution. 

8. The method according to claim 7, wherein the 
length of the single -stranded nucleic acid probe\ls 18 
m r, the temperature for performing the heat \ 
denaturation is 70* C or more, the temperature for tlm 
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double -strfajtid formation reaction is 40* C or more, and 
ibo niM gtodiiim chloride is cohtained in the sample 
^oiutiori at tiiait tim 
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ABSTRACT OF THE INVENTION 

A method for identifying cun unknown base sequence 
piresent in a tciirg^t single -streinded nucleic acid 
utilizing a probe array In which single- stranded 
nucleic aLcid probes are arranged as Isolated spots on a 
substrate, where each probe has a base sequence 
con^plBineiitary to one of yplural base se^ences expected 
to be the unlmowii base sequence, and^f luoi^escence 
pattern of a is ample on^t probe array is compared with 
template patterns to ki^w the base sequence of the 
sample. 



